The purpose of this study is to describe otological features of two patients with Kabuki syndrome and hearing loss not previously described in medical literature and present the surgical treatment performed and its outcomes. The methods used are report of two patients with Kabuki syndrome with hearing loss, non-consanguineous, detailing the morphological and functional description of their external and middle ears, and review of relevant literature. In both cases, the conductive component of hearing loss was explained by anatomical abnormalities, like ossicular morphological changes, not previously described as part of the syndrome and not by medical history of otitis media. Patients were treated surgically with success: stapedotomy with angular piston stapes prosthesis was performed in one case and ossiculoplasty with incudostapedial joint prosthesis in the other case. The otologic findings described in this paper can be part of the Kabuki syndrome phenotype, and in these cases, the conductive component of the hearing loss was successfully treated by surgery.
Introduction
Kabuki syndrome or Niikawa-Kuroki syndrome is a rare, congenital, and multiple malformation disorder, caused by a MLL2 gene mutation in 74% of cases [1] . It is characterized by peculiar facies (100%), dermatoglyphics abnormalities (92%), cognitive impairment (91%), skeletal anomalies (90%), and postnatal growth deficiency (55-71%) [2, 3] . There are otologic disorders in 92% of cases (43 to 82% have hearing loss), and upper airway disorders in 58%7 [3, 4] .
This article describes morphological and functional features of external and middle ear not previously described in the literature in two patients with Kabuki syndrome and demonstrates that surgical treatment can successfully resolve the hearing loss in some abnormalities present in the syndrome.
Case Report 1
A 20-year-old woman with Kabuki syndrome presented with bilateral hearing loss.
Her medical history revealed a subluxation of the right hip, hypothyroidism, and mild cognitive impairment. Consanguineous parents and medical history of otitis media, cleft palate, or other otorhinolaryngologic problems were excluded.
Pure-tone audiometry revealed a bilateral conductive hearing loss: on the left side, the pure-tone average for airconduction (PTA) was 50 dB with an air-bone gap of 30 dB (Fig. 1a) and on the right the PTA was 30 dB with an air-bone gap of 10 dB.
Tympanogram was type A bilaterally with small amplitude of stapedial reflex on the right ear and absence on the left ear. Several external and middle ear abnormalities were identified on computed tomography (CT), but none was considered responsible for the conductive hearing loss, particularly on the left side (air-bone gap of 30 dB), and the patient was proposed for exploratory tympanotomy on the left ear.
Intraoperatively, stapes fixation was identified. A stapedotomy with angular piston stapes prosthesis was performed. Postoperatively, the air-bone gap closure was confirmed (Fig. 1b) .
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Case Report 2
A 25-year-old man with Kabuki syndrome presented with a sensorineural hearing loss on the right ear and mixed hearing loss on the left ear.
His medical history revealed strabismus, moderate visual impairment, and mild cognitive impairment. Consanguineous parents and medical history of otitis media, cleft palate, or other otorhinolaryngologic problems were excluded. The patients (case 1 and case 2) were not consanguineous.
Pure-tone audiometry revealed a mixed hearing loss on the left side: the PTA was 80 dB with an air-bone gap of 40 dB (average bone-conduction threshold of 40 dB) (Fig. 2) . A sensorineural hearing loss was identified on the right side, with a PTA of 40 dB.
Tympanogram was type A bilaterally, and the stapedial reflex was reduced on the right ear and absent on the left ear. CT detected abnormalities on the external and middle ear on both sides, but none was not considered sufficient for the magnitude of conductive hearing loss on the left ear. Similarly, the patient was proposed for exploratory tympanotomy on the left ear.
Intraoperatively, an atrophic long process of the incus with normal mobility of the remaining ossicular chain was identified. An ossiculoplasty was performed, using a incudostapedial joint prosthesis. Postoperatively, the air-bone gap closure was also obtained (Fig. 2) . Table 1 External Ear
Anatomical Features of the Four Ears Studied, Resumed in
The external acoustic meatus (EAM) had a triangular prism shape with base turned up. The scutum was abnormally developed, occupying an area of approximately 50% of the medial wall with a maximum height of about 48%, at the level of the incudomalleolar joint (IMJ). The tympanic membrane (TM) represented about 50% of the medial wall of the EAM; with a height between 49 and 58% at IMJ level (Fig. 3a, c) .
Middle Ear
Both patients had the malleus manubrium and spatula thicker than expected, especially in the umbo area, with a relative contact surface with the TM higher than normal. The long process of the incus was short and thin in both patients. In case 1, there was subluxation of the incudostapedial joint (ISJ) with stapes fixation, and in case 2, a complete luxation of ISJ with an atrophic lenticular process was identified. In both cases, stapes neck and superstructure had a curvature (convex side laterally), and the posterior crus was thicker than normal. Stapes tendon was absent in the two ears submitted to surgery. The oval window niche was deep in both patients. The fallopian aqueduct was dehiscent and prominent on the medial wall of the tympanic cavity and in case 1 (Fig. 4) .
The Eustachian function was normal.
Inner Ear
No abnormalities were detected.
Discussion
We compared our findings with the medical literature, using an anatomical perspective.
External Ear
Deformities of the pinna and EAM, like large and cup-shaped ears, small external ears, preauricular fistula, accessory The predominance of the scutum in the medial wall of the external ear canal was not described in the literature.
Middle and Inner
The malleus handle and spatula were relatively thicker than normal, presenting a bigger contact surface with the TM; subluxation/luxation of ISJ, agenesis or no insertion of the stapes muscle tendon in the stapes, deep oval window niche, and dehiscence of the Fallopian aqueduct were not previously described.
The presence of stapedal fixation (with or without the fixation of the remaining ossicular chain) was described [4] . Eustachian tube dysfunction was described as the cause for recurrent acute otitis media in patients with Kabuki syndrome (with or without cleft palate) but this pathology was not detected in our cases [4, 5] .
Inner Ear
There were no changes in the presented cases; however, literature described hypoplasia of the cochlea, vestibule and semicircular canals [6] , and cochlear agenesis with dilated and dysplastic vestibule [7] .
The new morphologic features identified in our two cases do not seem to be casual. Because the patients were unrelated, we propose that their manifestations can be part of the phenotype of Kabuki syndrome. Maybe the presented findings could be underdiagnosed in patients suffering from this condition, although, more studies are need to prove it. Hearing loss in Kabuki syndrome can be explained by morphologic features presented in this article and not only by recurrent otitis media secondary to cleft palate, as it is often described in the literature.
Conclusion
This article adds new otologic features to the phenotype of Kabuki syndrome and proposes an alternative mechanism for the conductive hearing loss in some cases of the syndrome. The cause of the conductive hearing loss was not clearly identified on CT scan but was identified on exploratory tympanotomy, and hearing was restored by standard middle ear surgical procedures. 
